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In re application of: Hiroshi ISHII et al. 
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(§371 of international application No. PCT/JP00/05925) 

Filed: March 6, 2002 

For: ELECTRIC DEVICE WITH TIMER 

SUBMISSION OF SUBSTITUTE PAGES FOR PCT ART. 19 AND 34 AMENDMENTS 

AND PRELIMINARY AMENDMENT 

Commissioner for Patents 

Washington, D.C. 20231 March 6, 2002 

Sir: 

This application is the U.S. national stage under 35 USC § 371 of the above-identified 
international patent application. Please enter the attached substitute sheets for pages 3 and 4 of the 
specification. The substitute sheets incorporate into the English language translation of the 
international application amendments presented in the international stage under PCT Article 19 and 
/or PCT Article 34. 

IN THE CLAIMS : 

Please cancel claims 5,6, 15 and 16 without prejudice or disclaimer. 

Please amend claims 1 and 3 to read as follows: 

1. (Amended) An electric device with a timer, comprising: 

a rechargeable secondary battery; 
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a measuring means for measuring a state of said secondary battery and a memory for storing 
measured information thereof and information regarding properties of said secondary battery; 

a load such as an electric motor driven by electric power supplied by said secondary battery; 
a controller for controlling drive of said load; 
a timer having a timer function; 

a display and operation unit having a time setting function for said timer and a time 
displaying function; 

a battery manager for managing said secondary battery based on information of said 

H- 

O measuring means and/or said memory and time information from said timer; and 

D 

4.| an interface capable of connecting a charger for charging said secondary battery based on 

■ess? 
p f| 

ijj information of said measuring means and/or said memory and time information from said timer. 

Q 

W 3. (Amended) An electric device with a timer, comprising: 

D 

a rechargeable secondary battery; 

a measuring means for measuring a state of said secondary battery and a memory for storing 
measured information thereof and information regarding properties of said secondary battery; 

a load such as an electric motor driven by electric power supplied by said secondary battery; 
a controller for controlling drive of said load; 
a timer having a timer function; 

a display and operation unit having a time setting function for said timer and a time 
displaying function; 
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a charger for charging said secondary battery based on information of said measuring means 

and/or said memory and time information from said timer; and 

an interface for connecting a charger with said measuring means and/or said memory, and 

said timer and said controller. 
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The above amendment is submitted to place the specification and claims in substantially the 
same conditions as to the claims which have been amended under Article 34 in the international 
application. An English translation of the annexes of the PCT international preliminary examination 
report is enclosed. Early and favorable action is awaited. 

Attached hereto is a marked-up version of the changes made to the claims by the current 
amendment. The attached page is captioned " Version with markings to show changes made. " 

In the event there are any additional fees required, please charge our Deposit Account No. 
01-2340. 



Respectfully submitted, 



ARMSTRONG, WESTERMAN & HATTORI, LLP 



Atty. Docket No. 020245 
Suite 1000 
1725 K Street, NW. 
Washington, D.C. 20006 
Tel: (202)659-2930 




Reg. No. 31,898 



MRQ/yap 



Enclosures: English translation of the Annexes 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



IN THE CLAIMS : 

Claims 1 and 3 have been amended as follows: 



L (Amended) An electric device with a timer, comprising: 
a rechargeable secondary battery; 

a measuring means for measuring a state of said secondary battery and a memory for storing 
measured information thereof and information regarding properties of said secondary battery; 

a load such as an electric motor driven by electric power supplied by said secondary battery; 
a controller for controlling drive of said load; 
a timer having a timer function; 

a display and operation unit having a time setting function for said timer and a time 
displaying function; 

a battery manager for managing said secondary battery based on information of said 
measuring means and/or said memory and time information from said time r; and 

an interface capable of connecting a charger for charging said secondary battery based on 
information of said measuring means and/or said memory and time information from said timer . 



3. (Amended) An electric device with a timer, comprising: 
a rechargeable secondary battery; 
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a measuring means for measuring a state of said secondary battery and a memory for storing 
measured information thereof and information regarding properties of said secondary battery; 

a load such as an electric motor driven by electric power supplied by said secondary battery; 
a controller for controlling drive of said load; 
a timer having a timer function; 

a display and operation unit having a time setting function for said timer and a time 
displaying function; 

a charger for charging said secondary battery based on information of said measuring means 
and/or said memory and time information from said time r; and 

an interface for connecting a charger with said measuring means and/or said memory, and 
said timer and said controller. 
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DESCRIPTION 



ELECTRIC DEVICE WITH TIMER 

TECHNICAL FIELD 

The present invention relates to an electric device of a compact 
electric automobile, an electric bicycle, an electric scooter, an electric 
wheelchair or the like, which is equipped with a secondary battery and runs 
on its electric power. 



BACKGROUND TECHNOLOGY 

There is an electric device of an electric vehicle such as a compact 
electric automobile, an electric bicycle, an electric scooter or an electric 
wheelchair, on which a battery pack composed of a plurality of storage 
batteries being secondary batteries is mounted as a power supply. The 
vehicles of this type include one running only on a driving force of an electric 
motor (motor) driven by electric power from the battery pack, one running on 
the resultant force of human power and a driving force of a motor, one 
selectively using a driving force of an ordinary gasoline engine and a driving 
force of a motor by electric power of a battery pack, and the like. 

These battery packs being the electric power supply used for these 
electric devices need to be frequently charged. As a method of charging 
them, a method of charging the battery packs after detaching them from the 
electric devices on which they are mounted, a vehicle-mounted charging 
method of charging them while they are mounted on the electric devices as 
they are, and the like are usually used . 

Incidentally, in such conventional electric devices, a remaining 



capacity of a secondary battery before being charged is insufficiently grasped, 
and a method of charging it by setting a charging time in a time period during 
which an electric vehicle is idle, based on intuition, experience and the like, is 
adopted. 

Further, since the grasp of the remaining capacity of the secondary 
battery is insufficient, it happens that there is no remaining capacity when it is 
actually used, and it also happens that the vehicle cannot reach a destination 
since the remaining capacity is insufficient after operation. The completion 
time of charging cannot be accurately predicted, charge cannot be conducted 
at a specified time, or the maximum charge cannot be conducted by a 
specified time. 

As means for making up for these disadvantages, for example, means 
for determining a remaining capacity by measuring output voltage of a 
secondary battery after a predetermined time elapses after the completion of 
charge so that the output voltage of the secondary battery, which apparently 
rises after the charge, is stabilized (JP, 8-106927, A), means for determining a 
remaining capacity by measuring the output voltage of the secondary battery 
after a predetermined time elapses after actuation to avoid the time when there 
are frequent changes in voltage at the time of actuation of an electric device 
(JP, 11-32401, A), and the like are proposed. 

However, these prior arts are no better than the charge time 
management based on intuition, experience and the like as described above, 
and since time management (not elapsed time, but exact time, and the like) is 
not performed, time management in closer touch with a user's life cannot be 
carried out. 

The present invention is made to eliminate the disadvantages of the 
prior arts as described above, and its object is to improve accuracy with which 



the remaining capacity of a secondary battery is grasped, to make it possible 
to perform charge of the secondary battery at a suitable time. Another object 
is to make it possible to start charge by specifying time, to charge by 
specifying a charge completion time, or to calculate and indicate the charge 
completion time, and also to perform automatic refresh, automatic charge and 
the like of secondary batteries to thereby improve managing accuracy and 
handling ease of the secondary batteries especially in electric vehicles. 

DISCLOSURE OF THE INVENTION 

To achieve the above-described objects, the present invention 
provides an electric device with a timer, comprising a rechargeable secondary 
battery, a measuring means for measuring a state of the secondary battery and 
a memory for storing measured information thereof and information regarding 
properties of the secondary battery, a load such as an electric motor driven by 
electric power supplied by the secondary battery, a controller for controlling 
drive of the load, a timer having a timer function, a display and operation unit 
having a time setting function for the timer and a time displaying function, 
and a battery manager for managing the secondary battery based on 
information of the measuring means and/or the memory and time information 
from the timer. 

The controller can also have a function of the battery manager. 

Further, instead of the battery manager, and preferably in addition to 
the battery manager, it is preferable to include a charger for charging the 
secondary battery based on information of the measuring means and/or the 
memory and time information from the timer. 

Alternatively, instead of the charger, an interface capable of 
connecting a charger for charging the secondary battery may be provided. 



The secondary battery, the measuring means and the memory may be 
constituted to be an integrated battery unit, and the battery unit may be 
mounted on an electric device main body to be attachable/detachable 
thereto/therefrom. 

Further, the charger may be constituted as a charger unit containing a 
charger section supplied with electric power from a commercial power supply 
or an alternative power supply and charging the secondary battery, and the 
charger unit may be mounted on an electric device main body to be 
attachable/detachable thereto/therefrom. 

In the electric device provided with the charger, the display and 
operation unit can be provided with means for specifying a charge starting 
time, and the charger can be provided with means for starting charge for the 
secondary battery at the specified time. 

Alternatively, the display and operation unit can be provided with 
means for specifying a charge completion time, and the charger can be 
provided with means for starting the charge so that the charge for the 
secondary battery is completed at the specified time. 

Further, it is preferable that the charger is provided with a discharger 
for making the secondary battery discharge residual charge before being 
charged and refresh when the secondary battery has a memory effect. 

The above electric devices may be provided with means actuated at a 
time specified by the timer, operating the measuring means and memory, and 
managing a residual capacity of the secondary battery based on a self 
discharge amount and a consumption capacity according to properties of the 
secondary battery. 

In the electric device provided with the charger, it is preferable to 
provide means actuated at a time specified by the timer, operating the 



measuring means and memory, managing a residual capacity of the secondary 
battery based on a self discharge amount and a consumption capacity 
according to properties of the secondary battery, and making the charger 
charge the secondary battery when it needs to be charged. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. J_is a block circuit diagram of an electric device showing one 
embodiment of the present invention; 

FIG.J2 is a block circuit diagram showing a concrete example of a 
measuring means inside a battery unit in FIG. 1; 

FIG. 3 is a flowchart showing a setting action of time-specified charge 
in an electric device shown in FIG. 1; 

FIG. ^4 is a flowchart showing an action of the time-specified charge 
of the same; 

FIG. ^5 is a flowchart showing an action of performing the time- 
specified charge after refresh of the secondary battery of the same; 

FIG. 6 is a flowchart showing a setting action of charge completion 
time specified charge of the same; 

FIG/7 is a flowchart showing an action of the charge completion time 
specified charge of the same; 

FIG. 8 is a flowchart showing a remaining capacity correction action 
for the secondary battery during non-operation time of the electric device 
shown in FIG. 1; and 

FIG . 9 is a flowchart showing an action of performing automatic 
charge when charge is needed after the remaining capacity correction for the 
secondary battery of the same. 



BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, a preferred embodiment of the present invention will be 

described based on the drawings. 

FIG. 1 is a block circuit diagram showing an embodiment of an 

electric device according to the invention. 

An electric device 1 of this embodiment is constituted by battery units 

2 and 3 (an example constituted by two battery units is shown in this 

embodiment, but one or more may be suitable), a timer 4, a charger unit 5, a 

controller 6, a power supply 7, a display and operation unit 13, a driver 9, and 

a load 10. 

The charger unit 5 is constituted by a charger 8 including a control 
function by means of a microcomputer or the like, supplied with electric 
power from a commercial power supply 14 or an alternative power supply and 
charging the battery units 2 and 3; switches 19 and 20 controlled by a switch 
control signal S2 from the charger 8 to switch to either the battery unit 2 or 
battery unit 3 to be charged; a discharger 15 for making the battery units 2 
and 3 discharge under the control by the control function of the charger 8 to 
refresh a nickel-cadmium (Ni-Cd) secondary battery or a nickel-metal hydride 
(Ni-MH) secondary battery producing a memory effect; and an interface (not 
shown) with a system bus 26. 

The battery units 2 and 3 are constituted by rechargeable secondary 
batteries (including battery packs composed of a plurality of storage batteries 
or alternative energy storage elements) 2B and 3B respectively; measuring 
means 16 and 17 constituted by a measurement circuit for performing voltage 
detection and charge and discharge current detection of necessary parts of the 
secondary batteries 2B and 3B (of cell unit, a plurality of cells, the entire part 
and the like that are needed by the electric device to obtain the properties of 



the batteries) and detection of temperature of the necessary part, ambient 
temperature and the like, and an interface for outputting the measured data to 
the system bus 26; and memories 11 and 12 constituted by a non- volatile 
memory such as an EEPROM for storing the properties of the batteries and 
battery information needed by the electric device, including at least remaining 
capacities of the secondary batteries 2B and 3B, and an interface for making it 
possible to read and write the data via the system bus 26. 

The controller 6 includes a control function by means of a 
microcomputer or the like, and has a function of performing a main control of 
the operation of the electric device, such as determining which battery unit is 
used according to the operation information from the display and operation 
unit 13, the battery information stored in the memories 11 and 12 of the 
battery units 2 and 3 and the like, selecting which one of the battery units 2 
and 3 is used by switching switches 21 and 22 according to a switch control 
signal SI, and how the driver 9 is operated. Further, the controller 6 has a 
function of battery manager according to the invention. 

The controller 6 also has an interface with the display and operation 
unit 13 and the system bus 26, a function of shifting the electric device into an 
electric power-saving state at a non-operation time, and a function of 
returning from the electric power-saving state by a wake-up signal WU from 
the timer 4. 

The power supply 7 supplies necessary electric power to the controller 
6 and the timer 4 that will be described later by electric power supplied from 
the battery units 2 and 3 and the charger unit 5. 

The timer 4 always operates by electric power supplied from the 
power supply 7, and has a function of outputting the wake-up signal WU at a 
determined time and/or after a lapse of a determined time. 
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Further, the constitution is made so that it is possible to indicate a time 
to a display section of the display and operation unit 13 via the controller 6 
and to set a time by operating an operation section thereof. 

The display and operation unit 13 is constituted by the display section 
composed of an LCD display or the like for displaying necessary states and 
information such as a state of the electric device 1, a state of the charger 8 of 
the charger unit 5 and time; and the operation section composed of a plurality 
of keys, buttons, a touch panel or the like capable of instructing the operation 
of the electric device 1, time setting for the timer 4 (including designation of 
charge starting time and charge completion time that will be described later), 
and other necessary instruction operations. Display is performed according 
to a signal from the controller 6 and operation information is sent to the 
controller 6 via an operation bus 24. Further, a buzzer or the like which 
sounds in response to the instruction from the controller 6 is included as 
necessary. 

The system bus 26 is a bus used for transferring information to and 
from the charger 8 of the charger unit 5, the measuring means 16 and 17 and 
the memories 11 and 12 of the battery units 2 and 3, the timer 4 and the 
controller 6, and is generally constituted by a data bus, an address bus and a 
control bus, but a serial bus, a parallel bus or any other constitution may be 
adopted if only information can be transferred to and from each unit and 
component. 

The driver 9 receives electric power from the battery units 2 and 3, 
and controls and drives the load 10 according to a signal from the controller 6. 

The load 10 includes an electric motor (motor), an actuator, lamps and 
the like, for attaining an object of the electric device 1. The electric motor 
drives a traveling unit such as wheels and the like to make the electric device 
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1 run. The actuator actuates a brake and the like. The lamps are lamps 
such as headlights, tail lights, winker lamps and the like. 

The battery units 2 and 3 and the charger unit 5 may be fixedly 
provided at an electric device main body (vehicle body), but it is convenient if 
they are provided as detachable units. 

In this case, it is suitable to provide a connector for 
connecting/disconnecting a power line and a bus inside the battery units 2 and 
3 and the charger unit 5 to/from a power line at the side of the electric device 
main body and the system bus 26 in response to attachment and detachment 
of the battery units 2 and 3 and the charger unit 5, a lock mechanism for 
locking the mounted units so that they are not easily detached, and the like. 

In this way, when the secondary battery of any one of the battery units 

2 and 3 has less remaining capacity and needs to be charged, it is convenient 
because the battery unit (2 or 3) and the charger unit 5 can be removed from 
the electric device and charge can be performed at a place with the 
commercial power supply 14 while electric power is supplied to the load 10 
and the like from the other battery unit to make it possible to operate the 
electric device 1. 

Further, since the charger unit 5 being a charger is mounted on the 
electric device 1 in this embodiment, charge can be conducted with the 
battery units 2 and 3 being mounted on the electric device as they are, but it 
may be suitable to place a charger device at a place with the commercial 
power supply 14 or an alternative power supply outside the electric device 
instead of providing the charger in the electric device, then remove the battery 
units 2 and 3 from the electric device 1 and connect them to the charger 
device to conduct charge. Accordingly, as the electric device, it is not 
essential to be equipped with the charger. 
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Here, a concrete example of the measuring means 16 provided at the 
battery unit 2 is shown in FIG. 2. It should be noted that the measuring 
means 17 provided at the battery unit 3 has the same constitution as this. 

The measuring means 16 is constituted by a resistance 161 with a 
small resistance value for measuring an electric current, which is connected in 
series with the secondary battery 2B, a thermistor 162 being a sensor for 
measuring temperature, which is provided in close contact with or in the 
vicinity of the secondary battery 2B, a temperature measurement circuit 163, 
a voltage measurement circuit 164, a current measurement circuit 165, A/D 
conversion circuits 166, 167 and 168, and an interface 169 with the system 
bus 26. 

The temperature measurement circuit 163 measures the temperature of 
the secondary battery 2B or the ambient temperature by converting a change 
in a resistance value caused by temperature of the thermistor 162 into a 
voltage, converts the measured value into a digital value with the A/D 
conversion circuit 166, and outputs it to the system bus 26 via the interface 
169. If the thermistor 162, the temperature measurement circuit 163, and the 
A/D conversion circuit 166 are provided for each cell of the secondary battery 
2B, or for each of a plurality of cell groups, the temperature measurement can 
be carried out more minutely. 

The voltage measurement circuit 164 measures terminal voltage of the 
secondary battery 2B, converts the measured value into a digital value with 
the A/D conversion circuit 167, and outputs it to the system bus 26 via the 
interface 169. If the voltage measurement circuit 164 and the A/D 
conversion circuit 167 are provided for each cell of the secondary battery 2B, 
or for each of a plurality of cell groups, the voltage measurement can be 
carried out more minutely. 
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The current measurement circuit 165 measures a value of a discharge 
current or a charge current of the secondary battery 2B by measuring voltage 
drop caused by the resistance 161, converts the measured value into a digital 
value with the A/D conversion circuit 168, and outputs it to the system bus 26 
via the interface 169. Instead of the resistance 161, the current passing into 
the secondary battery 2B can be also measured by using a hall device, a 
current transformer, or the like. 

Next, charge action for the battery units 2 and 3 by the charger unit 5 
in this embodiment will be explained. 

In this embodiment, charge is started when the charger unit 5 is 
connected to the commercial power supply 14 or an alternative power supply 
and electric power is supplied to the charger 8. The charger 8 converts a 
supplied alternating-current input into direct-current voltage suitable for 
charging and outputs it. 

Further, the charger 8 includes a control function by a microcomputer 
or the like and can execute time-specified charge, immediate charge, charge 
completion time set charge and the like as a charge mode, and these charge 
modes can be set by a predetermined operation by the display and operation 
unit 13 during operation time of the electric device 1 or at the time of charge. 
The charger 8 holds the set content of the charge mode and starts charge in 
the held charge mode with reference thereto for each charge. 

Since the remaining capacity management is performed based on the 
battery properties such as the frequency of use, ambient temperature, charging 
efficiency and the like of each of the secondary batteries 2B and 3B of the 
battery units 2 and 3, and a discharge current integrated value, detected 
voltage or the like, the influence is given by its accuracy, system properties 
and the like, but what is not directly related to this invention is disregarded. 
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The battery capacity is a basic capacity that the battery has. 

First, a method of setting the charge-time-specified charge for 
charging with the charge starting time being specified will be explained 
according to a flowchart in FIG. 3. 

Setting of the time-specified charge is carried out by the charger 8 of 
the charger unit 5 via the controller 6 according to an instruction from the 
display and operation unit 13 following the procedure from steps Al to A6 
shown in FIG. 3. 

Al: Enter the setting of a charge mode by a predetermined operation 
on the display and operation unit 13. 

A2: When the time-specified charge mode is specified (specify with 
keys or the like of the operation section), input of the charge starting time is 
required. 

A3: When the charge starting time is inputted by a key operation on 
the display and operation unit 13, it is set (stored in the memory of the charger 
8). 

A4: The charger 8 is given remaining capacity information from each 
of the memories 11 and 12 of the battery units 2 and 3, and the present time 
information from the timer 4, via the system bus, and calculates a charging 
time (time required to charge) from the remaining capacity. 

The charging time is calculated based on the following equation in the 
case of a constant-current charge battery. 

Charging time = (battery capacity - remaining capacity) t charge 

current 

In the case of constant-current and constant-voltage charge, a 
remaining capacity (charged capacity) at the time of completion of the 
constant-current charge is checked in advance and a time to remaining 
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capacity (charged capacity) relation during the constant-voltage charge is 
checked and tabulated to make the following calculation. 

With the constant-current period: (battery capacity - remaining 
capacity) -r charge current = Tl 

With the constant- voltage charge time = T2, charging time = Tl + T2 

Without the constant-current period: based on charging time = (battery 
capacity - remaining capacity), calculation is made according to the table. 

Based on the charging time calculated from the above and the present 
time, the display and operation unit 13 is made to indicate a predetermined 
display, for example, a time required to charge and/or the inputted charge 
starting time, or a time after the time required to charge from the charge 
starting time, which is a charge completion time. 

A5, A6: Thereafter, when the completion of the setting operation is 
confirmed (pressing down a confirmation key is detected), setting of the time- 
specified charge is finished. 

Next, according to a flowchart in FIG. 4, charge action when the time- 
specified charge is set will be explained. 

The time-specified charge is carried out by the charger 8 of the 
charger unit 5 following the procedure from steps Bl to B7 in FIG. 4. 

Bl: When electric power is supplied to the charger 8 from the 
commercial power supply 14 or an alternative power supply, the charger 8 
goes into a charge mode. 

B2: Whether it is the time-specified charge or not is checked, and if it 
is one of the other charge modes, it immediately proceeds to B4 and starts 
charge. If it is the time-specified charge, it proceeds to B3. 

B3: It obtains present time information from the timer 4, compares it 
with the specified charge starting time that is stored, and waits until the 
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specified time. When the present time corresponds to the charge starting 
time, it proceeds to B4. 

B4: It starts the charge. Specifically, the charger 8 turns ON either 
switch 19 or 20 according to the switch control signal S2, selects the battery 
unit 2 or 3 to be charged, and supplies charge electric power to the secondary 
battery 2B or 3B of the selected battery unit to start the charge. 

B5: At the time of starting the charge, it displays the time required to 
charge obtained at the setting of the charge time specified charge and/or 
charge completion time, and as the charge proceeds, it calculates the charging 
time as a value which is found by adding charged capacity to the remaining 
capacity to indicate the time taken before the completion of the charge and /or 
charge completion time in succession. 

B6, B7: Thereafter, it checks the completion of the charge, if the 
charge is not finished, it continues the charge in B5, and if it confirms the 
completion of the charge, it finishes the charge processing. 

In this example, one of the battery units 2 and 3 is selected and its 
secondary battery is charged, but if two of the battery units 2 and 3 need to be 
charged, one of the secondary batteries is charged and thereafter the other of 
the secondary batteries is selected and charged. At this time, it is natural that 
the time required to charge is what is found by adding up the times required to 
charge of the respective secondary batteries. 

Next, based on FIG. 5, action of time-specified charge after refresh 
action will be explained regarding a battery requiring to be refreshed because 
of a memory effect such as a nickel-cadmium secondary battery, a nickel- 
metal hydride secondary battery or the like. 

The memory effect means that the capacity of the battery decreases 
after it is used by repeating charge and discharge in a state of a shallow 
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charge depth. 

The action in this case is conducted by the charger 8 following the 
procedure from steps CI to CIO in FIG. 5. 

CI: When electric power is supplied to the charger 8 from the 
commercial power supply or an alternative power supply, the charger 8 goes 
into a refresh and time-specified charge mode. 

C2, C3: First, it checks whether it is the time-specified charge or not, 
and if it is one of the other charge modes, it proceeds to C4 immediately and 
starts refresh. If it is the time-specified charge, it obtains the present time 
information from the timer 4 in C3 and compares it with the specified charge 
starting time that is stored. When the present time corresponds to the charge 
starting time, it proceeds to C4 and starts refresh. 

C4: It starts refresh. Specifically, the charger 8 turns ON either the 
switch 19 or 20 according to the switch control signal S2, selects either the 
battery unit 2 or 3, connects the secondary battery 2B or 3B to the discharger 
15 and makes it discharge, whereby refresh is conducted. 

C5: After the refresh is started, based on the time obtained by adding 
up a refreshing time calculated as will be described later and a time required 
to charge that is obtained as explained in the charge action when the time- 
specified charge is set, a total time required to refresh and charge and/or 
completion time of the charge after the refresh are/is indicated at the display 
and operation unit 13. 

The calculation of refreshing time is performed according to the 
following equation. 

Refreshing time = remaining capacity + discharge current 
It should be noted that constant-current discharge, constant-electric- 
power discharge, constant-resistance discharge and the like can be considered 
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as discharge of the discharger 15, and in this explanation, constant-current 
discharge is adopted. 

As discharge proceeds, refreshing time is calculated as a value 
obtained by subtracting a discharged capacity from a remaining capacity, and 
5 a period (of time) display and/or a time display are renewed in succession. 

C6: During execution of the refresh, the charger 8 obtains information 
from the measuring means 16 and 17 via the system bus 26, and checks the 
completion of the refresh action according to predetermined conditions by the 
battery properties. Discharge is continued in C5 until the refresh is finished, 
10 and when the refresh is finished, it proceeds to C7. 

C7: It supplies charge electric power to the refreshed secondary 
battery 2B or 3B to start charge. 

C8: At the time of starting the charge, it first indicates an obtained 
required time to charge and/or a charge completion time, and as the charge 
15 proceeds, it calculates the required time to charge from a value that is found 
by adding a charge capacity to the remaining capacity to renew the indication 
of the charging time and/or the charge completion time in succession. 

C9, CIO: Subsequently, it checks the completion of the charge, if the 
charge is not completed, it continues the charge, and if it confirms the 
20 completion of the charge, it finishes the charge processing. 

In this example, one of the battery units 2 and 3 is selected, and its 
secondary battery 2B or 3B is charged after being refreshed, but when both of 
the secondary batteries 2B and 3B of the two battery units 2 and 3 need to be 
charged after refresh, one of the secondary batteries is charged after the 
25 refresh, and thereafter the other battery unit is selected and its secondary 
battery is charged after the refresh. At this time, it is natural that the 
refreshing time and the required time to charge is the result of adding up the 
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refreshing times and the required times to charge of the two secondary 
batteries. 

Next, action of setting charge completion time specified charge will 
be explained based on a flowchart in FIG. 6. This setting action is carried 
out following the procedure from steps Dl to D6 in FIG. 6. 

Dl: Go into setting of the charge mode by a predetermined operation 
on the display and operation unit 13. 

D2: Subsequently, when the charge completion time specified charge 
mode is designated, input of charge completion time is required. 

D3: When the required charge completion time is inputted, the charger 
8 stores it in the memory. 

D4: It obtains remaining capacity information from the memory 1 1 or 
12 of the battery unit 2 or 3 via the system bus 26, and present time 
information from the timer 4. Subsequently, it calculates chargeable time 
from the present time, and obtains a remaining capacity at the completion 
time. 

The calculation of the remaining capacity is made as follows. 
In the case of a constant-current charge battery, 
Remaining capacity = remaining capacity + charge current x 
chargeable time 

(The maximum remaining capacity is the battery capacity, and if it is 

exceeded, the charge is finished.) 

In the case of a constant-current and constant- voltage charge, 

The remaining capacity (charged capacity) at the time of completion 

of the constant-current charge is previously checked, and a time to remaining 

capacity (charged capacity) relation at the time of the constant- voltage charge 

is checked and tabulated. 
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When the constant-current period exists; 

Remaining capacity (Tl) = remaining capacity at start of charge + 
charge current x Tl 

Charged capacity = charged capacity in (chargeable time — Tl) is 
calculated from the table. 

Remaining capacity = remaining capacity (Tl) + charged capacity 

(The maximum remaining capacity is the battery capacity, and if it is 
exceeded, the charge is finished.) 

When a constant-current period does not exist; 

Remaining capacity = remaining capacity at start of charge + (charged 
capacity in the chargeable time calculated from the table) 

(The maximum remaining capacity is the battery capacity, and if it is 
exceeded, the charge is finished.) 

The remaining capacity calculated as above is indicated on the display 
and operation unit 13. 

D5, D6: Thereafter, when the completion of the setting operation is 
confirmed, this action is finished. 

Next, charge action when the charge completion time specified charge 
is set will be explained based on a flowchart in FIG. 7. The charge action is 
carried out following the procedure from steps El to E6 in FIG. 7. 

El: When the charger 8 is supplied with electric power from the 
commercial power supply 14 or an alternative power supply, it goes into 
charge action. 

E2: It starts charge. Specifically, the charger 8 turns ON either the 
switch 19 or 20 according to the switch control signal, selects either the 
battery unit 2 or 3, and its secondary battery 2B or 3B is connected to start the 
charge. 
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E3: During the charge, it indicates remaining time of the charge 
obtained from the specified completion time and the present time, and/or the 
remaining capacity (obtained by the same method as explained about the 
charge completion time setting based on the elapsed time) changed according 
to the elapsed charge time. 

E4, E5, E6: The charger 8 checks the completion of the charge in E4, 
and when the charge is completed, it proceeds to E6 to finish the charge. 
When the charge is not completed, it compares the specified charge 
completion time and the present time in E5, and when it is the charge 
completion time (specified time), it proceeds to E6 to finish the charge. If it 
is not the charge completion time (specified time), it returns to E3 to continue 
the charge. 

In this example, one of the battery units 2 and 3 is selected and its 
secondary battery 2B or 3B is charged, but when both of the secondary 
batteries 2B and 3B of the two battery units 2 and 3 need to be charged, one 
of the secondary batteries is charged and thereafter the other battery unit is 
selected to charge the secondary battery. At this time, the remaining 
capacity is indicated for each battery unit. 

Though it is not shown in the drawings, when refresh is needed, the 
time from which refreshing time is excluded may be the chargeable time. 

Next, based on a flowchart in FIG. 8, the remaining capacity 
correction of the secondary battery during non-operation time of the electric 
device 1 will be explained. This action is carried out by the timer 4 and the 
controller 6 in FIG. 1 following the procedure from steps Fl to F7 in FIG. 8. 

In this embodiment, the electric device 1 is in a power-saving state 
except for charge action and operating state and action of the timer function, 
and reduction in the remaining capacity of the secondary batteries 2B and 3B 
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is decreased as much as possible. 

Fl: When the electric device 1 continues to be in the non-operation 
state and in the state in which charge action is not carried out for a 
predetermined period of time, the controller 6 stops power supply to the 
5 electric device 1 except to the parts requiring a minimum amount (the timer 4, 
the controller 6 and the like) and brings it into a power-saving state to go into 
the action of the remaining capacity correction. 

F2: The timer 4 determines whether it is a specified time (specified 
elapsed time is acceptable) or not, and when it is the specified time, it outputs 
10 the wake-up signal WU. 

F3: The controller 6 starts action according to the wake-up signal WU, 
and brings the related parts, for example, the measuring means 16 and 17 into 
an operating state. 

F4: Subsequently, the controller 6 obtains information necessary for 
15 the remaining capacity correction according to the properties of the secondary 
battery such as temperature and the like from the measuring means 16 and 17, 
the memories 11 and 12 and the like via the system bus 26. 

F5: It calculates the correction capacity from the elapsed time from 
the previous correction and the obtained information, and the remaining 
20 capacity of the secondary batteries 2B and 3B is corrected. For example, if 
self-discharge of the secondary batteries 2B and 3B is determined by time and 
temperature, the average value of the previous temperature and obtained 
temperature is taken, and self-discharge amount is found from the relation 
with time based on the information previously stored in the memories 1 1 and 
25 12 and the like, whereby correction information is obtained. 

Further, a used capacity of the secondary battery in the power-saving 
state is found based on the used electric power and elapsed time in the power- 
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saving state, and the value of the remaining capacity stored in the memories 
11 and 12 is corrected with the above-described self-discharge amount and 
the used capacity in this action. 

F6, F7: After the correction, the electric device is set at the power- 
saving state again to finish this action. 

Next, based on a flowchart in FIG. 9, action to charge and maintain a 
remaining capacity set in advance, when the remaining capacity becomes a 
predetermined remaining capacity at the time of correction of the remaining 
capacity, will be explained. This action is carried out by the timer 4, the 
controller 6 and the charger 8 in FIG. 1 following the procedure from steps 
Gl to G9 in FIG. 9. 

In order to execute this action, the charger 8 of the charger unit 5 
needs to be supplied with electric power from the commercial power supply 
14 or an alternative power supply. 

Steps Gl to G5 are the same as steps Fl to F5 explained in FIG. 8. 

G6 to G9: After the remaining capacity is corrected in G5, whether 
charge is necessary or not is determined by the determination of whether the 
remaining capacity is not more than a capacity set in advance in G6. If the 
capacity exceeds the set capacity, charge is determined as unnecessary to 
proceed to G8, and the electric device is set at the power-saving state again, 
and the action is finished in G9. 

If the capacity is not more than the set capacity, charge is determined 
as necessary, then charge action is carried out until the remaining capacity 
becomes the predetermined remaining capacity in G7, then after the 
remaining capacity is stored in the memory 1 1 or 12 as the remaining capacity 
of the battery at the point of time of completion of the charge, the electric 
device 1 is set at the power-saving state in G8, and the action is finished in 
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G9, 

According to the electric device in this embodiment, the effects cited 
below are obtained. 

(1) The time-specified charge makes it possible to charge the 
5 secondary battery of the battery unit using, for example, midnight electric 

power, and reduce charging cost and use electric facilities uniformly. 

(2) Storage of a remaining capacity of the secondary battery and 
setting of a charge starting time make it possible to calculate and indicate a 
charge completion time. When the secondary battery is refreshed, refreshing 

10 time is calculated from a remaining capacity and the refreshing time is 
regarded. 

(3) Storage of a remaining capacity of the secondary battery and 
setting of a charge completion time make it possible to make determination 
whether the charge is completed by the set time or not, give indication and an 

15 alarm (when the charge is not completed), and the like, as well as to calculate 
and indicate the charge amount when the charge is carried out. Further, 
when a plurality of secondary batteries are mounted, it is possible to select the 
battery which can be charged most within the determined time and charge it. 
When charge is carried out by a constant-current and constant- voltage 

20 method, the battery with less remaining capacity in a constant-current charge 
area has more charge amount. When the secondary battery is refreshed, 
refreshing time calculated from a remaining capacity is regarded. 

(4) Only the timer function section is operated at the non-operation 
time, then at a predetermined time by the timer function, a necessary part is 

25 operated to detect an environment of the battery, and correction of the 
remaining capacity of the secondary battery is made based on consumed 
current during the non-operation time, the detection data, the properties of the 
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secondary battery, time information by the timer and the like, whereby 
accuracy with which the residual capacity is grasped can be improved. 

Further, when charge is necessary, indication and an alarm can be 
given, and therefore the electric device is kept in a state in which it can be 
effectively used. At this time, when the commercial power supply or an 
alternative power supply is connected to the charger, it is possible to 
automatically charge the secondary battery instead of giving indication and an 
alarm, and thus usability of the electric device is further improved. 

INDUSTRIAL APPLICABILITY 

As has been described, the electric device of an electric vehicle or the 
like according to the invention makes it possible to improve accuracy with 
which a remaining capacity of the secondary battery is grasped and to charge 
the secondary battery at appropriate times. Further, start of charge by 
specifying time, charge by specifying the charge completion time or 
calculation and indication of the charge completion time, automatic refresh 
and automatic charge of the secondary battery, and the like can be made, and 
controlling accuracy and handling ease of the secondary battery especially in 
an electric vehicle can be improved. 
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What is claimed is: 

L An electric device with a timer, comprising: 
a rechargeable secondary battery ; 

a measuring means for measuring a state of said secondary battery and 
a memory for storing measured information thereof and information regarding 
properties of said secondary battery; 

a load such as an electric motor driven by electric power supplied by 
said secondary battery; 

a controller for controlling drive of said load; 

a timer having a timer function; 

a display and operation unit having a time setting function for said 
timer and a time displaying function; and 

a battery manager for managing said secondary battery based on 
information of said measuring means and/or said memory and time 
information from said timer. 

2. The electric device with a timer according to claim 1, wherein 
said controller also has a function of said battery manager. 

3. An electric device with a timer, comprising: 
a rechargeable secondary battery; 

a measuring means for measuring a state of said secondary battery and 
a memory for storing measured information thereof and information regarding 
properties of said secondary battery; 

a load such as an electric motor driven by electric power supplied by 
said secondary battery; 

a controller for controlling drive of said load; 

a timer having a timer function; 
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a display and operation unit having a time setting function for said 
timer and a time displaying function; and 

a charger for charging said secondary battery based on information of 
said measuring means and/or said memory and time information from said 
timer, 

4. The electric device with a timer according to claim 3, wherein 

said controller also has a function of a battery manager for managing 
said secondary battery based on information of said measuring means and/or 
said memory and time information from said timer. 

5. The electric device with a timer according to claim 1, further 
comprising: 

an interface capable of connecting a charger for charging said 
secondary battery based on information of said measuring means and/or said 
memory and time information from said timer. 

6. The electric device with a timer according to claim 2, further 
comprising: 

an interface capable of connecting a charger for charging said 
secondary battery based on information of said measuring means and/or said 
memory and time information form said timer. 

7. The electric device with a timer according to claim 1, wherein 

said secondary battery, said measuring means and said memory are 
constituted to be an integrated battery unit, and the battery unit is mounted on 
an electric device main body to be attachable/detachable thereto/therefrom. 

8. The electric device with a timer according to claim 3, wherein 

said secondary battery, said measuring means and said memory are 
constituted to be an integrated battery unit, and the battery unit is mounted on 
an electric device main body to be attachable/detachable thereto/therefrom. 
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9. The electric device with a timer according to claim 3, wherein 

said charger is constituted to be a charger unit containing a charger 
section supplied with electric power from a commercial power supply or an 
alternative power supply and charging said secondary battery, and the charger 
unit is mounted on an electric device main body to be attachable/detachable 
thereto/therefrom. 

10. The electric device with a timer according to claim 4, wherein 
said charger is constituted to be a charger unit containing a charger 

section supplied with electric power from a commercial power supply or an 
alternative power supply and charging said secondary battery, and the charger 
unit is mounted on an electric device main body to be attachable/detachable 
thereto/therefrom. 

11. The electric device with a timer according to claim 3, wherein 
said display and operation unit is provided with a time specifying 

means for specifying a charge starting time, and said charger is provided with 
means for starting charge for said secondary battery at a time specified by the 
time specifying means. 

12. The electric device with a timer according to claim 4, wherein 
said display and operation unit is provided with a time specifying 

means for specifying a charge starting time, and said charger is provided with 
means for starting charge for said secondary battery at a time specified by the 
time specifying means. 

13. The electric device with a timer according to claim 3, wherein 
said display and operation unit is provided with a time specifying 

means for specifying a charge completion time, and said charger is provided 
with means for starting charge so that the charge for said secondary battery is 
completed at a time specified by the time specifying means. 
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14. The electric device with a timer according to claim 4, wherein 
said display and operation unit is provided with a time specifying 

means for specifying a charge completion time, and said charger is provided 
with means for starting charge so that the charge for said secondary battery is 
completed at a time specified by the time specifying means. 

15. The electric device with a timer according to claim 3, wherein 
said charger is provided with a discharge section for making said 

secondary battery discharge residual charge to refresh before charging it when 
said secondary battery has a memory effect. 

16. The electric device with a timer according to claim 4, wherein 
said charger is provided with a discharge section for making said 

secondary battery discharge residual charge to refresh before when said 
secondary battery has a memory effect. 

17. The electric device with a timer according to claim 1, further 
comprising: 

means actuated at a time specified by said timer, operating said 
measuring means and said memory, and managing a residual capacity of said 
secondary battery based on a self discharge amount and a consumption 
capacity according to properties of said secondary battery. 

18. The electric device with a timer according to claim 3, further 
comprising: 

means actuated at a time specified by said timer, operating said 
measuring means and said memory, and managing a residual capacity of said 
secondary battery based on a self discharge amount and a consumption 
capacity according to properties of said secondary battery. 

19. The electric device with a timer according to claim 3, further 
comprising: 
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means actuated at a time specified by said timer, operating said 
measuring means and memory, managing a residual capacity of said 
secondary battery based on a self discharge amount and a consumption 
capacity according to properties of said secondary battery, and making said 
charger charge said secondary battery when it needs to be charged. 

20. The electric device with a timer according to claim 4, further 
comprising: 

means actuated at a time specified by said timer, operating said 
measuring means and memory, managing a residual capacity of said 
secondary battery based on a self discharge amount and a consumption 
capacity according to properties of said secondary battery, and making said 
charger charge said secondary battery when it needs to be charged. 
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ABSTRACT 



An electric device comprises secondary batteries (2B, 3B), measuring 
means (16, 17) for measuring the states of the batteries, memories (11, 12) for 
storing measured information and information regarding properties of the 
batteries, a controller (6) for controlling drive of a load (10), a timer (4), a 
display and control unit (13) having a time setting function for the timer (4) 
and time displaying function, and a charger unit (5), and the secondary 
batteries (2B, 3B) are managed and charged based on information in the 
memories (11, 12) and /or the information from the measuring means (16, 17) 
and on the time information from the timer (4). 
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was filed on August 31 , 2000 



X 



_as United States Application Number or PCT International 
and was amended on 



Application Numbe r PCT/JPOO/05925 

(if applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claim(s), as amended 
by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in Title 37, Code of Federal Regulations, § 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, § 119 (a) - (d) of any foreign application(s) for patent or 
inventor's certificate listed below and have also identified below any foreign application for patent or inventor's certificate having a fil- 
ing date before that of the application on which priority is claimed: 



2|List prior 
foreign 
Applications, 
li See note A 
yjbn back of 
Olhis page) 



Patent Appln. 11-253389 


Japan 


7/September/1 999 


(Number) 


(Country) 


(Day/Month/Year Filed) 


(Number) 


(Country) 


(Day/Month/Year Filed) 


(Number) 


(Country) 


(DayMonth/Year Filed) 


(Number) 


(Country) 


(DayMonth/Year Filed) 



Priority Claimed 
B Yes □ No 

□ Yes □ No 

□ Yes □ No 

□ Yes □ No 



|gbe note B on back of this page) □ See attached list for additional prior foreign applications 

E&ereby claim the benefit under Title 35, United States Code, § 119(e) of any United States provisional application(s) listed below. 



(Application Number) 



(Filing Date) 



(Application Number) 



(Filing Date) 



I hereby claim the benefit under Title 35, United States Code, § 120 of any United States application^) listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in the prior United States application in the manner provided by 
the first paragraph of Title 35, United States Code, § 112, 1 acknowledge the duty to disclose information which is material to patentabil- 
ity as defined in Title 37, Code of Federal Regulations, § 1.56 which became available between the filing date of the prior application 
and the national or PCT international filing date of the application: 



(List Prior U.S. (Application Serial Number) (Filing Date) (Status) (patented, pending, abandoned) 

Applications) 

(Application Serial Number) (Filing Date) (Status) (patented, pending, abandoned) 

I hereby appoint the following attorney(s) and/or agent(s) to prosecute this application and to transact all business in the Patent and 

Trademark Office connected therewith: 

James E. Armstrong, DDL, Reg. No. 1 8,366; William F. Westerman, Reg. No. 29,988; Ken-Ichi Hattori, Reg. No. 32,861; 
Le-Nhung McLeland, Reg. No. 31,541; Ronald F. Naughton, Reg. No. 24,616; J ohn R. Pegan, Reg. No v 18,Q6 9rwai5m^ 
G. Kratz, Jr., Reg. No. 22,631; Albert Tockman, Reg. No. J9/722; M el R. Quintos, Reg. No . 31.89 8: Donald W. Hanson, 
Reg. No. 27J33; Stephen G. Adrian, Reg. No , 32,878 ; William L. Brooks, Reg. No.JU,19.Q; John F. Carney, Reg. No. 
20,226; Edward F. Welsh, Reg. N o. ,22,451; Patrick D. Muir, Reg. No. 37,403; Gay A. Spahn, Reg. No. 34,978; John P. 
Kong, Reg. No . 40,054; and Luke A. Kilyk, Reg. No. 33,251. " — 



Please direct all communications to the following address: ARMSTRONG . WRSTRRMAN. HATTORL 

McLELAND & NAUGHIQN 
1725 K Street N.W. t Suite 1000 
^Washington, D.C. 200 06 
Telephone: (202) 659^2930 Fax:(202) 887-0357 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Title 18 of the United States Code, § 1001 and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 



name of sole or first inventor (given name, family name) 
l y J A k h ft f) / /*-" — 



Hiroshi ISHII 



C atove) Inventors Signature ^A^^ Date February 18, 2002 

Residence Tachikawa-shi , Tokyo, Japan \J ^Citizenship Japanese 



Post Office Address c/o Road Co,, Ltd. , 7F, Tachikawa Crest-Lotus Bldg. , 21-1, 
Akebono-cho 1-chome, Tachikawa-shi , Tokyo 190-0012, Japan 

m 

'2A / Full name of second inventor (given name, family name) Takashi AOKI 



Inventor's Signature ^ ^ ^iy^^t^ /^^L^ Date February 18, 2002 

Residence Tachikawa-shi , T^kyOr Japan Citizenship Japanese 



Post Office Address °l° Road °°- ' Ltd -/ TFj Tachikawa Crest-Lotus Bldg., 21-1, Akebono-cho 
1-chome, Tachikawa-shi, Tokyo iyu-UU'l^, Japan 

^tFull name of third inventor (given name, family name) ^ , Nobuhito OHNUMA 

h ftentor's Signature KJAJvX <^CH ^ Date February 20, 2002 



Residence Atsuqi-shi, J^aqawa^ Japan : f)C Citizenship Japanese 



fgst Office Address c/o Tokyo R&D Co. , Ltd., Atsugi Office, 1516, Aiko, Atsugi-shi, 
Kanagawa 243-0035, Japan 



name of fourth inventor (given name, family name) 



^entor's Signature Date . 

Residence Citizenship 

fdst Office Address 



Qgll name of fifth inventor (given name, family name) 

Jyentor's Signature Date . 

fysidence_ Citizenship . 

Post Office Address 



Full name of sixth inventor (given name, family name) 

Inventor's Signature Date 

Residence __Citizenship . 

Post Office Address 



Full name of seventh inventor (given name, family name) 

Inventor's Signature Date 

Residence Citizenship . 

Post Office Address 



Full name of eighth inventor (given name, family name) 

Inventor's Signature^ Date 

Residence Citizenship 

Post Office Address 



